Aim: to evaluate improvement and predictors of improvement in patients' perceived health status after cardiac surgery in older patients. Methods: three hundred and seventy-seven patients from three different departments of cardiac surgery completed the Nottingham Health Profile questionnaire before and 1 and 2 years after open-heart surgery. We analysed pre-and postoperative data and pre-and postoperative Nottingham Health Profile scores. Results: the mean age was 74 Ϯ 3 years. The comparison between pre-and postoperative scores showed an improvement in all but the social isolation section. Logistic regression showed that the predictors of patients who became worse after surgery were (i) in the energy section: age over 75 [odds ratio (ORÞ ¼ 1.8, 95% confidence interval (CIÞ ¼ 1.02-3.2], coronary artery disease (OR ¼ 2.4, 95% CI ¼ 1.04-3.6) and postoperative events (OR ¼ 1.9, 95% CI ¼ 1.01-3.7); (ii) in the physical mobility section: diabetes mellitus (OR ¼ 2.4, 95% CI ¼ 1.2-4.7); and (iii) in the social isolation section: physical mobility impairment (OR ¼ 3.4, 95% CI ¼ 1.3-8.7). Conclusions: cardiac surgery improves perceived health status in patients over 70. This improvement is better for those undergoing aortic valve replacement than for those undergoing coronary artery bypass surgery. Comparison with reference scores for a standard population shows that, even when successful, cardiac surgery results in fatigue and persistent sleep disturbance in older patients.
Introduction
Results in cardiac surgery are generally assessed by mortality and morbidity rates. Certain side effects of surgery, such as problems of arthritis or loss of autonomy, which may have been caused or worsened by surgery, are not often considered in routine assessments of outcome yet are more likely to affect old patients.
The Nottingham Health Profile (NHP) questionnaire [1, 2] has been used to evaluate some surgical treatments [3, 4] . It is a generic scale, which was not designed for cardiac surgery patients. It is not intended to be a measure of disease, but an indicator of limitations on health [4] which considers the patient's perception of his or her overall condition.
The aim of this prospective multicentre study, based on completion of the NHP questionnaire, was to evaluate the improvement as well as the predictors of improvement of perceived health status in patients over 70.
Patients and methods
Three hundred seventy-seven patients over 70 undergoing open-heart surgery requiring cardio-pulmonary bypass were enrolled by three French departments of thoracic and cardiovascular surgery (centres 1-3) from March 1995 to March 1997. On the first and second anniversary of their initial operation, we sent a postoperative questionnaire to the patients who had completed the preoperative one. We assessed mortality at 1 and 2 years by consulting official death records. We recorded the following variables: age, sex, former occupation (all patients were retired), heart disease, angina status (according to Canadian classification), dyspnoea class (according to the New York Heart Association classification), comorbid diseases (previous heart surgery, chronic obstructive pulmonary disease, renal failure, diabetes mellitus, cerebral or peripheral vascular disease), ejection fraction, left ventricular wall motion, surgical procedure and operative complications.
The NHP questionnaire, originally written in English [1] and validated in French [5] , contains 38 subjective statements divided into six sections: energy, physical mobility, emotional reaction, pain, sleep and social isolation.
The study was approved by our institutional review board.
Statistical analysis
The answer to each question was binary (yes/no). We obtained the score for each section by adding the weight of the questions to which the responses were positive. The energy section, for example, is composed of three questions, each of which has a weight: 39.20 for the first question, 36.80 for the second, 24.00 for the third. Scores range from 0 to 100. A patient who answers 'no' to the 1st question, 'yes' to the 2nd, and 'yes' to the 3rd would have a score of (0 × 39.20Þ þ ð1 × 36:80Þ þ ð1 × 24.00), i.e. 60.80, in the energy section. A higher score indicates a higher level of dysfunction or distress.
We compared the preoperative and postoperative scores for each section of the NHP using Wilcoxon matched-pairs rank test. We determined factors influencing preoperative NHP scores by analysis of variance and covariance with repeated measures (BMDP 2V), with the centre as a covariate to take the centre effect into account. We compared the pre-and postoperative scores of each NHP section for each patient to determine if they had been improved or worsened by surgery.
We determined the factors influencing the status of a patient by logistic regression, univariate analysis and, when applicable, multivariate analysis (stepwise logistic regression). We took the centre effect into account by using the centre as a covariate. All statistical analyses were performed with BMDP statistical software (BMDP, Los Angeles, CA, USA).
Results

Study population
We included 377 patients in this study: 218 from centre 1, 83 from centre 2 and 76 from centre 3. The refusal or non-completion rate was 6% (14 out of 232) for centre 1, 15% (15 out of 98) for centre 2 and 12% (10 out of 86) for centre 3. The discrepancy in the number of patients enrolled by each centre is because centres 2 and 3 missed more patients than centre 1 did. The number of patients eligible for enrolment in the study was: 253 at centre 1, 278 at centre 2 and 215 at centre 3. The ratio of patients missed was 8% in centre 1, 65% in centre 2 and 60 % in centre 3.
The completion rate of the NHP questionnaire varied from 80% (in the emotional reaction section) to 90% (in the physical mobility and energy sections). The mean age was 74 Ϯ 3 years: 228 patients (60%) were under 75, 113 (30%) were aged 75-80, and 36 (10%) were over 80. The sex ratio (male/female) was approximately 2:1. Characteristics of the study population are shown in Table 1 .
Four percent of the patients died within 1 year of surgery (operative mortality excluded) and a further 3% died between the first and second year of follow-up. In patients with coronary artery disease, an average of 2:5 Ϯ 1:0 bypasses per patient were performed. Both mammary arteries were used in 43 cases (18% of patients requiring myocardial revascularization); one was used in 157 (65%). Saphenous vein grafts alone were carried out in 42 patients (17%), mostly when myocardial revascularization was associated with aortic valve replacement. Thirty percent of those with mitral insufficiency had a mitral valvuloplasty.
Factors influencing preoperative NHP scores
Characteristics significantly associated with preoperative NHP scores are reported in Table 2 . The physical mobility section scores were influenced by age, sex, New York Heart Association functional class and heart disease. Patients suffering from physical mobility restriction had worse scores in the physical mobility section and in the pain and emotional reaction sections. Women and non-workers (97.5% of non-workers were women) had worse scores in both the emotional reaction and social isolation sections. Energy section scores were influenced by age only. Chronic obstructive pulmonary disease influenced sleep section scores.
Improvement of NHP scores following surgery
Pre-and postoperative scores did not differ significantly in any centre (data not shown). The comparison of pre-and postoperative scores showed an improvement in all but the social isolation section (Figure 1 ). There was no significant difference between 1-and 2-year scores in any section.
Comparison with reference scores for a standard population [6] of similar age and sex distribution showed the 1-and 2-year follow-up postoperative NHP scores of our population to be the same as those of the global population in all but the energy and sleep sections (Figure 1 ). The NHP scores of an average of 75% of patients were improved by surgery: 76 Ϯ 7%, 81 Ϯ 6%, 71 Ϯ 7%, 84 Ϯ 6%, 73 Ϯ 8%, 78 Ϯ 7% in the energy, sleep, physical mobility, social isolation, emotional reaction and pain sections, respectively (P ¼ NS).
Logistic regression showed the predictors of scores in the energy section worsening after surgery to be: age Ն75 years [odds ratio ðORÞ ¼ while in the social isolation section the only predictor was suffering from impairment of physical mobility (OR ¼ 3.4, 95% CI ¼ 1.3-8.7). In the sleep section, having worked as a farmer was a predictor of worsening scores (OR ¼ 17, 95% CI ¼ 2.1-145); in contrast, former managers showed significantly greater improvement (OR ¼ 0.11, 95% CI ¼ 0.08-0.9) than those who had worked in other professions.
Discussion
The study of NHP scores is a complementary approach to the usual evaluations of surgical results. Patients are undergoing cardiac surgery at increasingly older ages. As certain side effects are more likely to occur in older patients, it is important to focus on an older population to evaluate the benefits of surgery by measuring their perceived health status. We designed a multicentre study including three French departments of cardiovascular surgery. We intended to give questionnaires to all patients aged 70 and over undergoing cardiac surgery. The fact that all eligible patients were not included resulted in a lack of power of the analysis and prevented analysis of some data, such as operative mortality. Nevertheless, comparison of the discrepancy between centres showed only small differences in characteristics of the population and pre-and postoperative values of the NHP scores. The population could, therefore, be considered as homogeneous and the global analysis could be performed by systematically taking the centre effect into account in the statistical analysis.
Comparison of pre-and postoperative scores showed an improvement in all sections of the NHP questionnaire, with the exception of the social isolation section, in which the preoperative score was already very low. Postoperative scores at 1 and 2 years were similar, showing no deterioration in effects over this period.
In a previous study [7] , we examined the evolution of the NHP scores in all patients operated on from January to July 1994 in the Department of Thoracic and Cardiovascular Surgery in Besançon. Three important features appear when the results of the current study are compared with those of the previous one:
1. Preoperative NHP scores in the younger population were not influenced by the heart disease which lead to surgery, whereas in this study, the preoperative score in the energy section was worse in patients with calcific aortic stenosis. Conversely, improvement in the energy section was less in patients with coronary artery disease. This shows that while calcific aortic stenosis is more disabling than coronary artery disease, its treatment is more effective in terms of perceived health status. years after surgery. The Wilcoxon matched-pairs rank test, comparing scores before and after surgery for each section of the NHP questionnaire, showed an improvement in all but the social isolation section. Expected scores are based on Hunt's reference scores for a standard population [6] , applied to sex and age distribution in our series. Postoperative scores are similar to expected scores in all but the energy and the sleep sections. En, energy; PM, physical mobility; SI, social isolation; ER, emotional reaction.
2. Postoperative NHP scores in younger patients were not influenced by postoperative events. In the current study, on the other hand, postoperative NHP scores were better in patients who had an uneventful postoperative course than in patients who had postoperative complications. This fact emphasizes the restricted capacity for recovery in old patients.
3.
Comparison of preoperative NHP scores show no major difference between the younger and the current older population. This suggests that there may be selection as to which older patients are offered cardiac surgery.
The sensitivity of the NHP questionnaire is such that when we focus on patients with preoperative physical mobility disability we find that they have a significantly worse preoperative score in the physical mobility section. We also see that these patients, as others, improved after cardiac surgery. The baseline level is worse, but the improvement is equivalent to that of the other patients. However, these patients show less improvement than the others in the social isolation section.
Postoperative scores are similar to expected scores in all but the energy and sleep sections of the NHP questionnaire ( Figure 1 ). This implies that cardiac surgery after 70 years of age, even if successful, induces lasting fatigue in old patients. The persistence of sleep disturbance 2 years after surgery may stem from cerebral lesions induced by cardio-pulmonary bypass, perhaps from air emboli or microthrombi. These lesions may disturb sleep and perhaps other functions, such as memory or cognitive function, not explored by the NHP.
Conclusion
Cardiac surgery improves self-perceived health status in patients over 70 years of age. This improvement is better for aortic valve replacement patients than for coronary artery bypass surgery patients. Even when successful, cardiac surgery induces fatigue and persistent sleep disturbance in old patients.
Key points
• In patients 70 and over, cardiac surgery is perceived to be beneficial but results in more persistent fatigue and sleep disturbance than in a standard population.
• Surgery leads to greater improvement in perceived health status in valvular than in coronary artery disease patients.
